IHC. Thus the immature mammalian cochlea supports bidirectional exchange of Ca 2+
INTRODUCTION 56 The primary sensory receptors of the mammalian cochlea, the inner hair cells (IHCs), fire Ca 2+ -Patch pipettes were made from Soda glass capillaries (Harvard Apparatus Ltd, UK) and coated with 144 surf wax (Mr Zoggs SexWax, USA) to minimize the fast transient due to the patch pipette 145 capacitance. Recordings were made as previously described ( Health & Science). Fluorescence emission was filtered through a OD6 bandpass interference filter 174 (535/43M, Edmund Optics). Confocal fluorescence images were formed by a water immersion 175 objective (40, NA 0.8, LUMPLAFL, Olympus, Tokyo, Japan) and projected on a scientific-grade 176 CMOS camera (Edge, PCO AG, Kelheim, Germany) controlled by software developed in the 177 laboratory. Image sequences were acquired continuously at 10 Hz frame rate with 100 ms exposure 178 time. To synchronize image acquisition and patch clamp recordings, we sampled the 5 V pulse 179 (FVAL) that signals active exposure of the CMOS camera (Canepari and Mammano, 1999) . 180 For multiphoton Ca 2+ imaging with Fluo-4, a laser-scanning confocal microscope (Bergamo II   181 System B232, Thorlabs Inc., Newton, New Jersey, USA) equipped with a water immersion 182 objective, (60, 1.1 NA, LUMFLN60XW, Olympus, Japan) was coupled to a mode-locked laser 183 system (Chameleon Ultra II, Coherent Inc., Santa Clara, California, USA) operating at  = 920 nm, 184 the angle between the optical flow vector and a line parallel to the IHCs, see Figure 3A ). 219 For correlation analyses (Figures 4-6) , Ca 2+ waves were identified using thresholding, and a 220 region of interest (ROI) was drawn around the maximum extension of each multicellular Ca 2+ 221 elevation event. Only events that remained confined to the field of view of the microscope were 222 considered for this analysis. 223 For the analysis in Figure 4 , rolling (zero-lag) cross-correlation coefficients between different 224 IHC Ca 2+ traces were computed as: Ca 2+ imaging revealed that IHCs fired Ca 2+ APs (as reported optically) also in the complete 311 absence of detectable Ca 2+ activity in the GER (Figure 4A,B) . Without Ca 2+ waves in the GER (e.g. bursts of IHC AP activity were correlated to Ca 2+ transients in nearby NSCs (Figure 5A,B) , their 326 frequency increased significantly (2.8 ± 0.1 Hz, n = 82 bursts in 7 IHCs) compared to the condition 327 when no correlation was observed (1.4 ± 0.1 Hz, n = 51 bursts in 7 IHCs, P < 0.001; Figure 5C ). 328 AP burst duration was also significantly higher when correlated to non-sensory cell activity 329 (correlated: 11.0 ± 1.5 s; uncorrelated: 2.9 ± 0.3 s, P < 0.001, Figure 5D ). In these conditions, the 330 longitudinal and radial dimensions of the GER area showing significant correlation with AP activity 331 of a given IHC were 310 ± 49 μm and 121 ± 12 μm, respectively (n = 7 cochleae; Figure 6 ). This 332 quantitative analysis suggests that GER Ca 2+ waves promote synchronization of IHC AP activity by 333 variable amounts, depending on wave extension. 334 Consistent with the observation that a fraction of the Ca 2+ waves appeared to depart from the 335 IHC region and travelling towards the bulk of the GER (Figure 4 and Supplementary Video 5), we 336 found that IHCs depolarization triggered Ca 2+ signals in nearby NSCs, with a delay that was 337 proportional to the distance from the stimulated IHC (3 recordings from 3, Figure 7 ;
338 Supplementary Video 6). Therefore, there appears to be a reciprocal relationship between Ca 2+ 339 signals generated by IHCs and NSCs of the GER.
340
Transgenic mice expressing genetically encoded Ca 2+ biosensors illuminate AP activity 343 To gain further insight into the mechanisms that govern spontaneous Ca 2+ signaling in the 344 developing cochlea, we used transgenic mice (see Materials and Methods) that expressed Ca 2+ 345 biosensors either in the whole sensory epithelium (GCaMP3;Emx2-Cre mice, Figure 8A and 346 Supplementary Video 7) or selectively in hair cells (GCaMP3;Gfi1-Cre mice, Figure 8B and 347 Supplementary Video 8, and GCaMP6f;Gfi1-Cre mice, Figure 8C and Supplementary Video 9). 348 The higher contrast and signal-to-noise ratio afforded by cultures obtained from these mice, 349 permitted us to partition IHC Ca 2+ signals in two broad classes, namely low-amplitude (e.g. those 350 corresponding to downward arrowheads in Figure 8D ) and large-amplitude Ca 2+ transients (e.g. 351 downward arrows in Figure 8D ). Whereas the IHC low-amplitude events were largely (Figure 9B,C) . In contrast, the 364 latter were obliterated by nimodipine (50 M), whereas Ca 2+ waves in the GER were able to 365 propagate in the presence of this L-type Ca 2+ channels inhibitor (Supplementary Video 10). A 366 summary of these results is presented in histogram form in Figure 9D . Together, the results in Using a combination of Ca 2+ imaging and cell-attached patch clamp recordings performed at body 386 temperature, we have found that AP activity in mouse pre-hearing IHCs is intrinsically generated by 387 the cells themselves. A stringent cross-correlation analysis has revealed that only the Ca 2+ waves in 388 the NSCs originating within specific distances from IHCs (300 µm along the coiling axis of the 389 cochlea and 120 µm in the orthogonal, radial, direction) act as an extrinsic pathway to synchronize 390 the intrinsic firing activity of IHCs. We also found that a large fraction of these Ca 2+ waves 391 originating in the proximity of the IHCs were able to propagate away from the sensory cells towards 392 the bulk of the GER. IHCs depolarization also triggered Ca 2+ signals in NSCs, which propagated 393 towards the GER, indicating the presence of a bi-directional signaling within the immature organ of Corti. We also found that synchronization of IHC activity by Ca 2+ waves in the GER depends on 395 extracellular ATP directly acting on IHCs (Johnson et al., 2011). We argue that a combination of 396 intrinsic activity and mutual influence between IHCs and supporting cells forms an intricate 397 feedback mechanism to control the level of AP synchronization in IHCs and generate the patterned 398 activity implicated in the refinement of the auditory pathway before the onset of hearing.
400
Nature of spontaneous activity in cochlear non-sensory cells 401 In the GER, spontaneous Ca 2+ transients arise periodically, and propagate as Ca 2+ waves as shown 402 in Figures 2 to 5. Our results (Figures 8 and 9 ) support the notion that Ca 2+ waves in the GER 
